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CLAIMS 



Method for calibrating a depth sensor of a laser processing device by which 
a Hallow can be formed in the surface of a workpiece, 

characterised in that 

the depths of the measuring points are measured on a calibration surface of 
known shape, 

the measuredyvalues are compared with known values at the respective 
measuring points of the calibration surface, and 

correction values\epending on differences between the measured values 
and the known values are stored together with the respective coordinates or 
at memory locations corresponding to the respective coordinates. 

Method according to clainrsl , characterised in that the depth sensor uses 
light emitted from the workiik position for measuring the depth and the la- 
ser light is guided across the surface of the workpiece within a working area 
predetermined by the device witlMie aid of a laser beam guidance. 

Method according to claim 1 or 2, characterised in that the calibration sur- 
face is a plane. \ 

Method according to claim 3, characterised in\hat the calibration plane is 
measured a plurality of times while being displaced in the horizontal direc- 
tion with respect to the measuring system betweeivtfie individual measure- 
ments, correction values for measuring points corresponding to each other 
or being located close to each other in the working are\being generated de- 
pending on all measurements for that measuring point and stored for that 
measuring point. \ 

Method according to one of the preceding claims, characterised fn that the 
distance between measuring points in the feeding direction of the l^ser 
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Dfeam is determined by the processing speed of a digital system and by the 
feeding speed of the laser beam. 

Methoctaiccording to claim 3, characterised in that the calibration plane has 
a wavineas of less than 5 \im, preferably less than 1 ^m. 

Method for a qepth measurement in a hollow produced by a laser processing 
device by meank of a depth sensor using light emitted from the working po- 
sition for measuring the depth, the laser light being guided across the sur- 
face of the workpiefce within a working area predetermined by the device 
with the aid of a lase\beam guidance, 

characterised in that \ 

the depth sensor is calibrated by a method according to one of the claims 1 

to 6, \ yf 

a depth is measured at a certartTlocation in the hollow, 

the measured value is corrected appending on the position of the location 
and referring to the stored correction values, and 

the corrected value is used as the measured depth. 

Method according to claim 7, characterised in that the correction is effected 
by addition and/or multiplication. \ 

Method according to claim 7 or 8, characterised^ that a correction is ef- 
fected depending on the depth of the hollow. \ 

Method for producing hollow of defined shape in a wo^kpiece using a laser 
processing device for the layer-wise removal of the material of the work- 
piece in horizontal layers (S; x, y) in correspondence witntthe defined 
shape, the depth (z) of the hollow being continuously measuted, particularly 
according to one of the claims 7 to 9, \ 

characterised in that \ 
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the boundaries (x g , y g ) in the horizontal direction for the substance removal 
in\ following layer (Si+i) are determined from the shape definition of the 
holloW and depending on the depth (z) of the hollow. 

Method according to claim 10, characterised in that the thickness (Az) of a 
removed law (Si) is obtained from measured hollow depths and the 
boundaries (xgWYg) in the horizontal direction for the substance removal in 
a following layerslSj+i) are also obtained from the shape definition of the 
hollow and depending on the determined layer thickness (Az). 

Method according to claim 10 or 11, characterised in that the determination 
of the substance removal Boundaries of one layer is carried out with refer- 
ence to stored shape data ofme hollow. 

Method for producing a hollow ofsdefined shape in a workpiece using a la- 
ser processing device for the layer-^dse removal of the material of the 
workpiece in correspondence with the^defined shape, particularly according 
to one of the claims 10 to 12, the depth of the hollow being continuously 
measured, particularly according to one oKthe claims 7 to 9, 

characterised in that \ 

the measured values are continuously stored together with the respective 
coordinates or in memory locations correspondingsto the respective coordi- 
nates and used for a later control of the laser procesWg device. 

Method according to claim 13, characterised in that a stored measured value 
is used when the laser is close to the position corresponding^© the measured 
value within the same layer and/or when the laser is close to or at the posi- 
tion corresponding to the measured value in a lower layer. \ 

Method according to claim 13 of 14, characterised in that a measureoWalue 
is used for the immediate or a later adjustment of interaction parameters^ 
the laser beam. \ 
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Method according to claim 15, characterised in that the laser amplitude 
anWor the pulse exaggeration and/or the scanning ratio of a pulsed laser are 
adjusted. 

Methockaccording to one of the claims 13 to 16, characterised in that the 
stored measured values are used for the removal of a partial layer. 

Apparatus for a depth measurement in a hollow (10), particularly for carry- 
ing out the method according to one of the claims 7 to 9, the hollow being 
generated by a\aser processing device (12-18) guiding the laser light 
across the surfacfe of the workpiece within a working area predetermined by 
the device with th\ aid of a laser beam guide, comprising 

a depth sensor (70, \l) using light emitted from the working position for the 
depth measurement afad generating a measured value, 

characterised by Xf 

a calibrating device (72 -\74) suitable for measuring a preferably plane cali- 
bration surface and composing a memory (73) for storing correction values 
depending on differences between measured values and known values to- 
gether with the respective coordinates or in memory locations correspond- 
ing to the respective coordinates, and 

a correction device (74, 75) correcting the measured value depending on the 
position of the location and with reference to the correction values stored in 
the memory (74). \ 

Apparatus according to claim 1 8, characterised in that the correction is car- 
ried out by addition and/or multiplicatioV 

Apparatus according to claim 18 or 19, characterised in that a correction is 
effected depending on the depth of the hollo>V 
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Apparatus for producing a hollow (10) of defined shape in a workpiece 

(1 TO, particularly for carrying out the method according to one of the claims 

10 12, comprising 

a lasek processing device (12 - 18) for a layer-wise removal of the material 
of the workpiece (1 1) in horizontal layers (S; x, y) in correspondence with 
the defined shape, and 

a measuring device (70 - 73), particularly according to one of the claims 18 
to 20, contiguously measuring the depth (z) of the hollow, 

characteriseckby 

a control unit hi) determining the boundaries (xg, yg) in the horizontal di- 
rection for the substance removal in a following layer (Si+j) from the shape 
definition and defending on the depth (z) of the hollow. 

Apparatus accordinguo claim 21, characterised in that the control unit com- 
prises a determining means (82) for determining the thickness (Az) of a re- 
moved layer (Sj) from measured hollow depths, the control unit (81) also 
determining the boundaries (xg, yg) in the horizontal direction for the sub- 
stance removal in a follo\Wg layer (Sj+i) from the shape definition and 
depending on the determined layer thickness (Az). 

Apparatus according to claim Al or 22, characterised by a memory (83) for 
storing the shape definition of the hollow (10). 

Apparatus particularly according tcw)ne of the claims 21 to 23 for producing 
a hollow (10) of defined shape in a \Wkpiece (11), particularly for carrying 
out the method according to one of thk claims 13 to 17, comprising 

a laser processing device (12 - 18) for tr^e layer-wise removal of the mate- 
rial of the workpiece (1 1) in correspondence with the defined shape, and 

a measuring device, particularly accordingVo one of the claims 18 to 20, 
continuously measuring the hollow depth (zV 

characterised by \ 
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annemory device (91) continuously storing the measured values together 
witn^e respective coordinates or in memory locations corresponding to the 
respectivb>coordinates ? and 

a control uniU^3, 92, 93) controlling the laser processing device (12 - 18) 
depending on the stored measured values. 

Apparatus according to claim^, characterised in that the control unit uses 
a stored measured value when theH^er is positioned close to the position 
corresponding to the measured value within the same layer and/or when the 
laser is positioned close to or at the positibn^corresponding to the measured 
value in a lower layer. \ 

Apparatus according to claim 24 or 25, characterised in th^t the control unit 
uses a measured value for an immediate or later adjustment ofsmteraction 
parameters of the laser beam. 



